Research was conducted to determine whether individual ergot alkaloids could induce signs of fescue toxicosis. Nine Angus heifers received single i.v. injections of ergotamine tartrate, ergonovine maleate, and saline vehicle in a simple cross-over design. Each heifer received a different compound each week and all treatments during the study. Physiological traits measured 15 min before and 30, 60, and 90 min after treatment were respiration rate, rectal and skin temperatures, systolic and diastolic pressures, and heart rate. Blood samples were collected 5 min before and 105 min after treatments to assess plasma prolactin concentrations. Heifers were on a fescue-free diet in drylot. Ambient temperature averaged 35°C during data collection. A treatment × time interaction existed ( P < .05) for respiration rate and prolactin concentrations. Ergot alkaloids altered ( P < .05) all traits across time, except rectal temperature. Heifers under the influence of ergot alkaloids exhibited significantly lower skin temperature, heart rate, and prolactin and had higher respiration rate and blood pressure. Results indicated that individual ergot alkaloids administered i.v. induced signs of fescue toxicosis in cattle.
Introduction
Tall fescue ( Festuca arundinacea Schreb.) is the primary cool-season forage used to support beef cattle in the United States because of its hardiness and versatility. Positive attributes are partially due to the fungal endophyte Acremonium coenophialum that infects most tall fescue fields. Cattle consuming endophyte-infected ( EI) tall fescue exhibit reductions in weight gain, milk yield, and pregnancy rates (Porter and Thompson, 1992; Paterson et al., 1995) . Mechanisms by which fescue toxicosis reduce cattle performance are not clearly understood but seem to involve alkaloid compounds.
Various classes of ergot alkaloids are produced by A. coenophialum (Powell and Petroski, 1992; Porter, 1995) . Ergopeptides and lysergic acid amides are major classes associated with EI tall fescue. Ergovaline (an ergopeptide) and ergine ( a lysergic acid amide) are major toxic agents (Porter, 1995) . Neither of these alkaloids is readily available in purified form to conduct live cattle experiments. Ergotamine (another ergopeptide) and ergonovine (another lysergic acid amide) are also associated with EI tall fescue (Lyons et al., 1986; Powell and Petroski, 1992; Porter, 1995) and are commercially available. This study was conducted to evaluate the effects of ergotamine and ergonovine on thermoregulatory and cardiovascular traits in cattle.
Materials and Methods
Animal Management. Nine Angus heifers (222 to 310 kg) were maintained in shaded drylot on the Tennessee State University farm. Orchardgrass hay (8.7% CP and 46.6% TDN as fed), water, and mineral supplement were available for ad libitum consumption. Tall fescue was not accessible. Heifers received 4.2 kg·heifer −1 ·d −1 of a supplement consisting of 22% cracked corn, 8% solvent-extracted soybean meal, 30% cottonseed hulls, and 40% of a commercial feed mix (Tennessee Farmers Cooperative, LaVergne) containing Rumensin ® (monensin sodium). The supplement provided 11.4% CP (as fed), 59.2% TDN (as fed), and 50 mg·heifer −1 ·d −1 of Rumensin. Ambient temperature averaged 35.2 ± 3.5°C (mean ± SD; range = 27 to 42°C ) during data collection as measured at the cattle handling facility with an outdoor mercury thermometer. Relative humidity at 1200 averaged 57.2 ± 6.8% (mean ± SD; range = 49 to 71%) as measured at a nearby location.
Experimental Protocol. Heifers received single i.v.
infusions of ergotamine tartrate (5, 6, or 7 mg per heifer; ET; Sigma Chemical, St. Louis, MO), ergonovine maleate (5, 6, or 7 mg per heifer; EM; Sigma Chemical), and untreated .9% sterile saline (vehicletreated control; SAL) . The working dose rate used in the field was 1 mg per approximately 45.5 kg body weight. The actual dosage of ergot alkaloids was 21.4 ± 2.7 mg/kg body weight (mean ± SD). The time of treatment ranged from 1100 to 1800.
Dosing level was calculated using data concerning levels of feed intake by cattle, ergovaline concentrations in EI tall fescue, and pharmacological aspects of ergotamine. Physiological concentrations of ergot alkaloids in the blood of cattle consuming tall fescue were not found in the literature to aid in dose determination. Ergovaline concentrations have been used to indicate endophyte infection level and potential severity of fescue toxicity (Rhodes et al., 1991; Peters et al., 1992; Aldrich et al., 1993) . Therefore, the dosage of ergot alkaloids used was intended to correspond with estimated ergovaline consumption by cattle on EI tall fescue. Daily feed consumption by cattle is generally 2 to 3% of body weight, although EI tall fescue may reduce feed intake (Osborn et al., 1992; Peters et al., 1992) . The concentration of ergovaline in EI tall fescue ranges from .1 to 6 mg/g (Belesky et al., 1988; Hill et al., 1991; Porter, 1995) . In laboratory animals, ergovaline was 1.5 to 2.8 times more potent than ergotamine (Fluckiger et al., 1976; Griffith et al., 1978) . Mean plasma concentrations of ergotamine and its metabolites detected in human subjects were similar after 1 mg oral or .2 mg i.v. administration (Aellig and Nuesch, 1977) . Ergine concentrations in tall fescue may be similar to ergovaline (Porter, 1995) , and thus EM dosage was similar to ET dosage in this study.
The experiment was set up in a simple cross-over design. Each heifer received a different treatment per week and all treatments during the study. Treatments for individual heifers were spaced 1 wk apart to avoid residual effects of previous treatments (Perrin, 1985; Sanders et al., 1986; Rhodes et al., 1991) . Respiration rate, heart rate, blood pressure, skin temperature, and rectal temperature were recorded 15 min before and 30, 60, and 90 min after treatment. Respiration rate was measured by counting the number of breaths taken, via flank movements, in 15-s intervals. Systolic and diastolic pressures were measured by the auscultatory method using a digital oscillometric sphygmanometer (Marshall 85, Omron Healthcare, Vernon Hills, IL) with an automatically deflating cuff placed around the base of the tail. Heart rate was also measured with the digital sphygmanometer. Rectal and skin temperatures were taken with a digital Thermistor thermometer (Digi-Sense, Cole-Parmer Instrument, Niles, IL) with detachable rectal and skin probes (YSI Inc., Yellow Springs Instrument, Yellow Springs, OH). Skin temperature was measured on the hairless, mid-ventral portion of the tail. Mean arterial blood pressure was determined by the following formula as explained by Berne and Levy (1981) and Ganong (1989) Heifers remained standing in a squeeze chute throughout the data collection period without the squeeze mechanism activated. In preparation for this study, heifers were loaded in the squeeze chute weekly for 1 mo before the start of the study for familiarization to the experimental protocols. During pre-study exercises, equipment was tested and data collection procedures were performed to ensure they could be adequately implemented.
Blood was sampled 5 min before and 105 min after treatment to determine plasma prolactin concentrations. Samples were collected in heparinized tubes and immediately centrifuged. The resulting plasma was harvested and stored frozen until analysis. Prolactin determination was done by RIA using the procedures of Bernard et al. (1993) . One assay was performed with an intraassay CV of 5.1% and a sensitivity of .2 ng/tube (i.e., 2 ng/mL plasma).
Statistical Analyses. Sources of variation for the traits measured were tested by analysis of variance using general linear model procedures of SAS (Ott, 1988; SAS, 1989) . Alkaloid treatment and time relative to treatment were arranged in a 3 × 4 factorial structure, except for prolactin, in which case there were two time periods instead of four. Terms in the statistical models included heifer, treatment, time, and treatment × time with ambient temperature added as a covariate. Fisher's protected LSD procedure separated least squares means using the PDIFF ® option of SAS (Ott, 1988; SAS, 1989) .
Results and Discussion
A treatment × time interaction was evident ( P < .05) for respiration rate (Figure 1) . Respiration rates during the first 30 min after each treatment increased ( P < .02). This increase was attributed to handling stress. From 30 to 90 min after SAL, respiration rates did not change, but they continued to increase ( P < .05) after EM and ET. For EM, respiration rate at 60 and 90 min were greater ( P < .05) than at 30 min. For ET, respiration rate at 90 min was higher ( P < .02) than at 30 min. It appeared that EM caused a greater respiratory response than ET. At 30 and 60 min, EM differed ( P < .05) from ET and SAL, the latter two being similar, whereas all groups differed ( P < .05) at 90 min after treatment (Figure 1) .
Changes in respiration rate after i.v. administration of ergot alkaloids concurred with reports for cattle consuming EI tall fescue or associated alkaloids under conditions conducive to hyperthermia. Hemken et al. (1981) observed that calves consuming a more toxic strain of tall fescue had higher respiration rates than those on a less toxic strain. Similarly, steers in hot environments exhibited elevated respiration rates after consuming either EI tall fescue or a fungus-free fescue diet with ergotamine added compared to contemporaries on control diets (Osborn et al., 1992; Al-Haidary et al., 1994) . Increased respiration rate due to diet did not occur at moderate ambient temperatures in those reports. Likewise, s.c. infusion of ergonovine maleate in calves under a thermoneutral environment did not influence respiration rate (Oliver et al., 1994) . Problems of fescue toxicosis are most prominent during the hot summer months, thus fescue toxicosis is often called "summer slump." Increased respiration rates in heat-stressed animals under the influence of ergot alkaloids may be attributed to shifts in thermoregulatory mechanisms that hinder body heat dissipation (Finch, 1986) .
Treatment × time interactions were not evident for rectal or skin temperatures. Time affected ( P < .01) rectal temperature: pretreatment values (39.3 ± .1°C) were significantly lower than temperatures at 30, 60, and 90 minutes after treatment (39.9, 40.1, and 40 ± .1°C, respectively). Mean rectal temperatures were similar ( P > .1) among SAL, EM, and ET (39.7, 39.8, and 39.9 ± .1°C, respectively). Treatment was an important ( P < .001) source of variation for mean skin temperature. Skin temperatures for steers on either ergot alkaloid (37.8 ± .1°C for each) were lower ( P < .01) compared to SAL (38.3 ± .1°C).
There are inconsistencies in the literature relating to changes in rectal temperature in cattle under the influence of ergot alkaloids. In agreement with our findings, rectal temperature in steers was not altered after s.c. administration of ergonovine or i.v. administration of ergotamine or ergine (McCollough et al., 1994a; Oliver et al., 1994) . Rectal temperature increased in steers consuming EI tall fescue or fungusfree tall fescue with ergotamine added (Rhodes et al., 1991; Osborn et al., 1992) . The report of Aldrich et al. (1993) indicated in one experiment that rectal temperature was reduced for cattle consuming EI tall fescue but elevated in a second experiment for cattle consuming EI tall fescue. Rectal temperature is used as an indicator of core body temperature. Al-Haidary et al. (1994) reported that EI tall fescue elevated core body temperature but did not alter rectal temperature. The length of time that cattle in the present study were under observation may not have been sufficient to detect changes in core body temperature through rectal measurements.
Others have indicated that skin temperature is reduced in cattle under the influence of ergot alkaloids (Carr and Jacobson, 1969; Osborn et al., 1992; McCollough et al., 1994a,b) . However, changes in skin temperature were not always detected (Rhodes et al., 1991; Aldrich et al., 1993) . Ergot alkaloid-induced reductions in skin temperature for cattle are attributed to vasoconstriction (Dyer, 1993; Oliver et al., 1993) and subsequent reduced blood flow to the periphery (Walls and Jacobson, 1970; Rhodes et al., 1991; Osborn et al., 1992) . Reduced peripheral blood flow during high ambient temperature could contribute to hyperthermia through reduced body heat dissipation, as discussed by Finch (1986) . Lower peripheral blood flow may have exacerbated the hyperthermic condition of ET-and EM-treated animals. Although rectal temperature was not altered by ergot administration, the noted increase in respiration rate did suggest that heifers on ergot alkaloids were suffering from a higher degree of hyperthermia than were heifers treated with SAL.
There was no detection of a significant treatment × time interaction for blood pressures or heart rate. Time was an important ( P < .05) source of variation for systolic, diastolic, and mean arterial blood pressures. Measurements before administration of treatments were lower ( P < .03) than at 30 and 60 min after treatments for systolic pressure (124.5 vs 135.4, 136.7 ± 3.3 mmHg), diastolic pressure (72.9 vs 89.5, 86.6 ± 4.3 mmHg), and mean arterial blood pressure (98.7 vs 112.5, 111.6 ± 3.5 mmHg). Treatment affected systolic pressure ( P = .05), diastolic and mean arterial blood pressures ( P < .001), and heart rate ( P < .05), as presented in Table 1 .
Previous references to use of the auscultatory method for monitoring blood pressure in cattle at the tail were not found. Measurements obtained in this experiment for blood pressures and heart rate were Table 2 . Effect of time on plasma prolactin concentrations (ng/mL) for heifers under the influence of ergot alkaloid treatments a PRE was 5 min before treatment and POST was 105 min after treatment. b,c Least squares means within a row lacking a common superscript differ ( P < .01). (Rhodes et al., 1991; Hoey et al., 1995) .
Observations of increased blood pressure as a result of ergot alkaloids may be new to the scientific literature concerning bovine physiology. A previous study did not detect a difference in systolic or diastolic blood pressure in steers on EI or non-EI tall fescue (Rhodes et al., 1991) . The pressor activity of ergopeptide alkaloids, including ergotamine, in laboratory species and humans is well documented (Clark et al., 1978; Weiner, 1980) . However, the effects of simple lysergic acid amides, such as ergonovine, on blood pressure have been characterized as questionable, minimal, and not as dramatic as for ergotamine (Clark et al., 1978) . It was apparent that EM affected blood pressure, although not to the same extent as ET. Peripheral vasoconstriction was cited as the primary mechanism by which ergot alkaloids increase blood pressure (Weiner, 1980) . Changes in blood pressure measured at the tail gave direct evidence of altered vascular function in the periphery of cattle under the influence of ergot alkaloids.
Heart rate for ET-treated heifers was lower than for SAL-treated heifers, whereas EM did not alter heart rate compared to SAL. Others have reported significantly lower heart rates for cattle under the influence of ergot alkaloids (Carr and Jacobson, 1969; Walls and Jacobson, 1970; Osborn et al., 1992) . However, this response has not been observed in all experiments (Bond et al., 1984; Rhodes et al., 1991; Oliver et al., 1994) . It is not known whether reduced heart rate was a direct effect of ergot alkaloids on cardiac regulatory centers or a secondary response to peripheral changes in blood pressure. Elevated arterial blood pressure leads to increased firing of baroreceptors, resulting in reduced heart rate and cardiac output (Smith and Kampine, 1984; Rhoades and Tanner, 1995) . Reduced heart rate and cardiac output may act with vasoconstriction to reduce blood flow to the periphery, resulting in decreased skin temperature for cattle treated with ergot alkaloids. Alternative modes of action should also be considered because heart rate was altered only for ET treatment. Various mammalian models have demonstrated that bradycardia can be induced by direct actions of ergopeptide alkaloids, including ergotamine, on the heart independent of blood pressure responses (Clark et al., 1978; Weiner, 1980) . This may be of relevance for ET-treated heifers.
The treatment × time interaction was a very important ( P < .001) source of variation for plasma prolactin concentrations. Whereas plasma prolactin concentrations were unchanged after SAL, plasma concentrations of prolactin significantly declined by 38 and 75% after EM and ET, respectively (Table 2) . Reduced concentrations of prolactin, via ergot alkaloid actions on dopaminergic pathways, is indicative of fescue toxicosis (Porter and Thompson, 1992; Paterson et al., 1995) . Similarly, McCollough et al. (1994a,b) observed reduced prolactin concentrations in calves after i.v. administration of ergovaline, ergotamine, and ergine. Ergonovine administered s.c. did not alter plasma concentrations of prolactin in steers (Oliver et al., 1994) . However, ergonovine was one of several ergot alkaloids shown to reduce prolactin concentrations in the review of Fluckiger and del Pozo (1978) . Important consequences of decreased prolactin concentrations in cattle may exist, particularly in regards to lactation traits.
In summary, ergot alkaloids administered i.v. to heifers in a hot environment resulted in increased respiration rates, decreased skin temperature, elevated blood pressure, lower heart rate, and reduced plasma prolactin concentrations. Observations of increased blood pressure were unique findings of this study and provided evidence of peripheral pressor actions of ergot alkaloids in live cattle. It was recognized that chronic exposure to toxins is experienced by cattle on EI tall fescue. However, modifications in respiration rate, skin temperature, heart rate, and plasma prolactin concentrations coincided with observations reported for cattle grazing EI tall fescue. This indicated that the experimental model of i.v. ergot alkaloid administration may be an alternative means of studying mechanisms of fescue toxicosis in cattle. This model allows for the simple administration of precise dosages without questions of bioavailability and can be used to study immediate and(or) persistent effects of ergot toxins on bovine physiology.
Implications
Fescue toxicosis costs the U.S. cattle industry millions of dollars annually. Identifying mechanisms through which endophyte-infected tall fescue lowers cattle performance is necessary. Thus, studying the effects of individual alkaloids on bovine physiology requires additional attention. This report presented vital signs from cattle on ergotamine and ergonovine. Numerous other alkaloids are involved in fescue toxicosis with diverse potential actions. Devising methods to combat fescue toxicosis could be aided by knowing the physiological pathways that ergot alkaloids act through to elicit toxic responses. More experiments incorporating individual alkaloids into in vitro and in vivo experimental bovine models would benefit this effort.
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